Objective: Previous authors provided electrophysiological evidence for selective activation of epinephrine or norepinephrine-secreting adrenal chromaffin cells. However, the corresponding histological changes in the adrenal chromaffin cells were not described. To provide histological and biochemical evidence that different sympathetic preganglionic neurons regulate epinephrine and norepinephrine secretion.
Introduction
The ability of the adrenal medulla to secrete epinephrine and norepinephrine depends upon both neural and hormonal factors 1 . The secretory process, per se, is under direct neural control. It is triggered by impulses from sympathetic cholinergic nerves that terminate adjacent to the adrenal chromaffin cells 1, 2, 3, 4 . The efferent sympathetic innervation of the adrenal gland has been the subject of several investigations 5,6,7 . However, less attention has been paid to the existence of separate preganglionic innervation. Several lines of evidence have suggested that the two populations of adrenal chromaffin cells are regulated by distinct preganglionic sympathetic nerves to the adrenal medulla .
First, Edwards et al. 8 described distinct sympathetic preganglionic neurons (SPNs) innervating epinephrine and norepinephrine cells in the cat. Second, certain stimuli in the rat such as hypoglycemia produce increased secretion of epinephrine 9, 10, 11, 12, 13, 14 . In contrast, acute cold exposure in the rat results in a preferential secretion of norepinephrine 14 .
In the present study we sought to provide histological and functional evidence for the independent regulation of epinephrine and norepinephrine chromaffin cell secretion by stress-inducing experiments including hypoglycemia, acute exposure to cold and hemorrhagic hypotention in the rat.
Materials and Methods
Experiments were performed on male wistar albino rats weighing 220-250g. They were obtained from the closed colony of the medical school animal house-Jordan University. Animals were fed rat pellets and water ad libitum and housed under a cycle of 12 h light and 12 h darkness. The animals were randomly assigned to each of three groups. Group 1 were subjected to insulin hypoglycemia, group 2 were acutely exposed to cold and group 3 were subjected to acute loss of blood as described below. The number of animals used in each group are shown in tables 1-4.
Group 1
Animals were starved for 20 hours, with free access to water prior to the subcutaneous injection of either insulin (10 I.e. /100 gm body weight) or 0.9% sodium chloride. Animals were anesthetised in pairs by means of sodium pentoarbitone at 1, 2 and 3 hours following these injections and the three procedures described below were performed.
Determination of blood serum glucose level
Blood was withdrawn from each of these two rats into heparinized syringes and plasma glucose was determined according to Teller's method (15) .
Assay of adrenal catecholamines
The right adrenal gland of each animal was excised, trimmed of connective tissue and then homogenized using a telfon homogenizer in one milliliter of a mixture of 1.0M perchloric acid and 40mM sodium metabisulphite containing 5 nmol 3,4-dihydroxybenzylamine as an internal standard. The homogenate was centrifuged at 30000 rpm at 4˚C for 20 minutes and the supernatant stored at -80˚C.
Catecholamine analysis was performed by high performance liquid chromatography (HPLC) according to the method described by Kent and parker (17) . The supernatant was diluted 1:100 with 0.1 M perchloric acid and aliquots of 100 l were injected into HPLC system .This comprised a 5 m ODS reversephase ion-pair column attached to an electrochemical detector incorporating a glassy carbon electrode, set at 1 namp/v, at a potential of 0.54 v. Mobile phase buffer comprised 12% methanol in 0.1 M-NaH 2 PO 4 , 1.2 mM CH 3 (CH 2 ) 4 SO4Na and 0.1 mM EDTA, adjusted to PH 3.6. The peak areas corresponding to epinephrine and norepinephrine were integrated with reference to those of an internal standard in each sample and the final concentration of epinephrine and norepinephrine expressed in nmol per adrenal.
The final concentration of epinephrine and norepinephrine was expressed in nmol per adrenal.
Electron microscopy of adrenomedullary tissue
The animals were anesthetized and fixed by cardiac perfusion with a buffered saline solution followed by 2% gluteraldehyde in 0.1 M cacodylate buffer at PH 7.4. The left adrenal gland of each animal was cut with a razor blade on random axes into parallel slices approximately 1 millimeter thick, fixed for 2 hours and processed as 3-4 tissue blocks for araldite embedding. Sections 1μm thick were cut on a Reichert ultramicrotome. The thin sections were mounted on 200 mesh copper grids, stained with lead citrate and examined with a Philips 300 electron microscope.
Stereology
Volume fractions (Vv) of adrenal medullary tissue components, including epinephrine and norepinphrine cells were estimated by point counting (Weibel 1979 ) 2, 6 . Electron micrographs at a magnification of 4200 and calibrated with a carbon grating replica were used. They were taken from randomly selected areas from sections cut from each of the tissue blocks derived from a single adrenal gland. A test grid, for which the area per point was 3 cm 2 , was applied for each micrograph. The number of intersctions over each tissue component was counted and the volume fractions of epinephrine and norepinephrine cells were calculated.
Group 2
Animals were anesthetized by an intraperitoneal injection of sodium pentobarbiton (60mg/kg) 7 , then the four limbs were fixed on a wooden board and kept at 5˚C for 2 hours. After that the animals were sacrificed and the right adrenal gland was excised and processed for assay of adrenal catecholamines as above. The left adrenal gland was processed for electron microscopy as above.
Group 3
Animals were anesthetised by an intraperitoneal injection of sodium pentoborbiton(60mg/kg) 7 polyethylene catheter was inserted into the tail artery for hemorrhage. Rats were bled rapidly so the mean arterial pressure fell to approximately 50mm Hg within 2 minutes. Additional amounts of blood were withdrawn to maintain arterial pressure at that level for 6 additional minutes, then the animals were sacrificed and the right adrenal gland was excised and processed for assay of adrenal catecholamines as above. The left adrenal gland was processed for electron microscopy as above.
Statistical analysis
The results were analyzed using student's t test. Level of significance was considered at P<0.05. The data were presented as mean ± standard error of the mean (S.E).
Results

Response of blood serum glucose levels to insulin administration
The blood serum glucose levels of control rats are distributed between 100 and 144 mg% with a mean value of 123 ± 5 mg% (table 1). The blood serum glucose levels of insulinized animals dropped below the control value (table 1). The rate of blood serum glucose decline being greatest within the first hour (31 ± 1.2) and becoming less between one (28 ± 2.0) and three hours (14 ± 0.6). Results expressed in moles per adrenal gland Means ± S.E, n = number of animals,*P<0.05, **P<0.001 
. Acute hemorrhagic (6) hypotension
Results expressed in mole per adrenal gland Means ± S.E, n = number of animals, *P<0.001 Recently, Morison and Wei-Hua 21 reported that the sympathetic preganglionic neurons (SPNs) were excited by stimulation of the rosral ventrolateral medulla (RVLM) with either a short or long latency. The latter group of adrenal SPNs were remarkably insensitive to baroreceptor reflex activation but strongly activated by hypoglycemia indicating their role in regulation of adrenal epinephrine release. In contrast , adrenal SPNs activated by RVLM stimulation at a short latency were completely inhibited by increase in the arterial pressure but were unaffected by hypoglycemia and are presumed to govern the discharge of adrenal norepinephrine-secreting cells. However, these authors presented no morphological or quantitative changes in the adrenal medullary cells to support their results. It is of interest to note in the present study the gradual response of the epinephrine-storage cells to insulininduced hypoglycemia which could be caused by stimulation of the long latency SPNs while the dramatic response to acute cold and hemorrhagic hypotension could be produced by stimulation of short latency SPNs. The acute response to hemorrhagic hypotension represents an acute activation of the baroreceptor reflex, a potent short term regulator of cardiac and vasoconstrictor sympathetic outflows that also has been shawn to modulate adrenal nerve activity in the rat. 22, 23 The results of the present study provide support to the existence of functional specificity at the level of SPN 24 . They also strengthen some of the recent progress in understanding the development of the chromaffin cells. Although a common sympathoadrenal progenitor cell for chromaffin cells (epinephrine and norepinephrine) and sympathetic neurons has been postulated, the glucocorticoid-rich medium that surrounds the chromaffin cells makes these cells able to synthesize both epinephrine and norepinephrine 25 . This is in contrast to sympathetic neurons which releases only norepinephrine 7 . Although the synthesis of epinephrine and norepinephrine is influenced by glucocorticoids, the secretory process in under neural control 24, 25 . 
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